Characterization of the methyltransferases in the yeast phosphatidylethanolamine methylation pathway by selective gene disruption.
PEM1 and PEM2 are structural genes for the yeast phosphatidylethanolamine methylation pathway which mediates the three-step methylation of phosphatidylethanolamine to phosphatidylcholine. Selective disruption of each locus in the yeast genome was performed using the in-vitro-inactivated gene with insertion of yeast LEU2 or HIS3. Complementation test and spore analysis indicated that the disruptants were allelic with our previous mutants that were isolated by chemical mutagenesis and used for the cloning of PEM1 and PEM2. The methyltransferase activities of the disruptants were assayed using their membrane fractions. When the PEM1 locus was disrupted, the activity for the first methylation was greatly decreased but was still detectable, while the activities for the second and third methylations were well retained. The remaining three activities exhibited nearly identical pH optima and apparent Km values for S-adenosyl-L-methionine. The disruptant incorporated radioactivity from L-[methyl-14C]Met into phosphatidylcholine at a low but measurable rate and required choline for optimal growth. When choline was omitted from the culture medium, the phosphatidylcholine content of the cells significantly decreased, but was restored by the addition of N-monomethylethanolamine or choline. When the PEM2 locus was disrupted, the activities for the second and third methylations were totally lost, but that for the first methylation remained. This activity could be distinguished from those remaining in the pem1 disruptant by its different pH optimum and apparent Km for S-adenosyl-L-methionine. When incubated with [methyl-14C]Met, the pem2 disruptant accumulated the radioactivity in phosphatidylmonomethylethanolamine. This disruptant also required choline for optimal growth. In the absence of choline, it accumulated phosphatidylmonomethylethanolamine with a concomitant decrease in phosphatidylcholine and phosphatidylethanolamine. When both loci were disrupted, all phospholipid-methylating activities were lost and cells absolutely required choline for growth. The flux through the pathway became negligible. Thus, the PEM1-encoded methyltransferase was strictly specific to the first step while the PEM2-encoded methyltransferase exhibited a somewhat broader specificity with a preference for the second and third steps of the pathway. These two enzymes accounted for all the activities in the yeast phosphatidylethanolamine methylation pathway.